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I. REAL PARTY IN INTEREST 

The real party in interest with regard to this appeal is Abbott Cardiovascular Systems Inc., 
with its primary place of business at 3200 Lakeside Drive, Santa Clara, California 95054. The 
present application was filed on November 30, 2001 . The assignment of application serial no. 
09/997,450 to Advanced Cardiovascular Systems, Inc., was recorded in the United States Patent 
and Trademark Office on November 30, 2001, in Reel 012339, Frame 0797. Abbott 
Cardiovascular Systems Inc. purchased the vascular device division and all relevant intellectual 
property including the instant application of Advanced Cardiovascular Systems, Inc. (Guidant 
Corporation) in April 2006. 

II. RELATED APPEALS AND INTERFERENCES 

Appellant, Appellant's assignee, and their counsel are not aware of any related appeals or 
interferences which would affect, be affected by, or have a bearing on the instant appeal. 

III. STATUS OF CLAIMS 

Claims 11, 12, 15, 16, 20, 22, 23, 28 - 33, and 35 - 41 have been canceled without 
prejudice to reclaiming the subject matter therein in a subsequent application. 

Claims 1,7- 10, 13, 14, 17, 18, 26, 27, 34, and 42 - 45 have been withdrawn by the 
examiner as being drawn to a non-elected species. 
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Claims 2-6, 19, 21, 24, and 25 have been finally rejected and are the subjects of this 

appeal. 

IV. STATUS OF AMENDMENTS 

There are no unentered amendments. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The appealed application contains two independent claims, claims 19 and 21. The 
support for claim 19 can be found in the specification as follows: Independent claim 19 1 is 
directed to a method modifying a stent surface (specification paragraphs [0007], [0008], [0015], 
and [0019]). The method includes implanting Ti or N into the surface of the stent on a molecular 
or atomic level (specification paragraphs [0008], [0016], [0018], [0021], and Figure 2C2 ), then 
implanting TiN over the Ti or N (specification paragraph [0021], and Figure 2C2), and followed 
by forming a layer of a TiN x O y compound over at least some of the areas where TiN has been 
implanted (specification paragraphs [0008] and [0021], and Figure 2C2). 



1 19. A method of modifying a stent surface, comprising implanting Ti or N into the surface of 
the stent on a molecular or atomic level, followed by implanting TiN over the Ti or N, and 
followed by forming a layer of a TiN x O y compound over at least some of the areas where TiN 
has been implanted. 
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The support for claim 21 can be found in the specification as follows: Independent claim 
21 2 is directed to a stent. The stent includes a first region (reference numeral 20 in Figure 2C2) 
having Ti or N implanted on a molecular or atomic level at a depth within at least a region of a 
surface of the stent (specification paragraph [0021] and Figure 2C2). The stent includes a second 
region (reference numeral 24 in Figure 2C2) that is over the first region having TiN implanted on 
a molecular or atomic level at a depth within at least a region of a surface of the stent 
(specification paragraph [0021] and Figure 2C2). The stent further includes a layer of TiN x O y 
compound (reference numeral 22 in Figure 2C2) over the second region (specification paragraph 
[0021] and Figure 2C2). 

Dependent claims 2-6, 24, and 25 depend, either directly or indirectly, from claim 21. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The ground for rejection to be reviewed in this appeal is: 

Whether claims 2-6, 19, 21, 24, and 25 are rendered obvious, and are therefore 
unpatentable under 35 U.S.C. § 103(a), over Lazarov et al, United States Patent No. 6,110,204 
(Evidence Appendix, Exhibit A) (Lazarov), in view of Malik et al., J. Vac. Sci. Technol. A, 
15(6), Nov/Dec 1997 (Evidence Appendix, Exhibit B) (Malik). 



2 21 . A stent comprising: a first region having Ti or N implanted on a molecular or atomic level 
at a depth within at least a region of a surface of the stent; a second region over the first 
region having TiN implanted on a molecular or atomic level at a depth within at least a 
region of a surface of the stent; and a layer of TiN x O y compound over the second region. 
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VII. ARGUMENTS 

Claims 2-6, 19, 21, 24, and 25 are patentable under 35 U.S.C. § 103(a) over Lazarov in 
view of Malik. 

The Examiner's Contentions: 

In the Final Office Action of 12 May 2009 (Evidence Appendix, Exhibit C) (Final Office 
Action), the Examiner maintained his rejection of claims 2-6, 19, 21, 24, and 25 over Lazarov 
in view of Malik that was made in the Office Action of 9 July 2008 (Evidence Appendix, Exhibit 
D) (July 2008 Office Action). According to the Examiner, Lazarov teaches "the titanium- 
nitride-oxide (TiN x Oy) compound disposed about a stent substrate substantially as claimed." 
However, the Examiner admits that Lazarov does not disclose "the compound is implanted on a 
molecular level within the surface of the stent." Then the Examiner cited Malik for this 
deficiency stating that Malik "teach[es] implantation of various compounds (including Ti, N, and 
O) within the surface of a metallic substrate to increase the ability of the compound to adhere to 
the substrate." Finally, the Examiner concludes that Appellants' claims are obvious because 
"one of ordinary skill in the art . . . [would] have implanted the compound of Lazarov within the 
surface of the stent, as taught by Malik et al., to increase the adhesion between the compound 
and the substrate (the stent)." 



Appellant's Response: 

Appellant traverses the Examiner's rejection for the following reasons: 
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Implantation of TiN is not disclosed 

Appellants reiterate their position taken in the Response of 24 February 2009 (Evidence 
Appendix, Exhibit E) (Response) in reply to the Notice of Non-Compliant Response, which is a 
response to the Office Action of 9 July 2008. The Examiner is incorrect, Malik does not "teach 
implantation of various metallic compounds (including Ti, N, and O). . . ." With respect to 
implantation, Malik states "[a]fter sputter cleaning, the substrate may be implanted with a 
relevant ion species for improved adhesion" (page 2876, column 1, lines 10-12) and "[t]he PSII 
[plasma source ion implantation] technique has been used to implant nitrogen, oxygen, carbon 
and boron ions into various materials" (page 2875, column 1, lines 11-13). The only specific 
experimental example of implantation provided in Malik is "a methane plasma was used to 
implant the carbon ions" (page 2877, column 1, lines 9-11). In sum, Malik teaches the general 
concept of ion implantation. However, with respect to the meaning of the term "relevant ions" 
used to improve adhesion of a subsequent layer, the only specific teaching of Malik is the 
implantation of carbon ions in the context of the formation of a diamond-like carbon layer on a 
substrate. 

In contrast to the Examiner's assertions, Malik does not teach the implantation of Ti. 
Malik does not teach the implantation of TiN or other Ti alloys. Malik does teach "TiN x films 
were formed on the inner surface of the cylinder (substrate)" (page 2877, column 2, lines 9 and 
10). Malik also teaches the use of Ti as a sputtering target, and "the material sputtered from the 
cathode (target) deposits on the substrate . . ." (page 2875, column 1, lines 3 - 5). 

In reply to Appellants' arguments summarized above, the Examiner has stated, in his 
Response to Arguments (item 4 of the Final Office Action), "Malik was not relied upon for 
teaching implantation of the entire alloy. Malik was used to show that ion implantation with 
materials similar or the same as those in the alloy can be implanted at a depth within the surface 
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of a stent." As noted above, Malik discloses the implantation of oxygen, nitrogen, carbon, and 
boron, but does not disclose implantation of Ti, TiN or any other alloy of Ti. There is nothing in 
the implantation of oxygen, nitrogen, carbon, and boron that teaches or suggests the implantation 
of TiN. 

The Examiner has improperly interpreted Appellants' Claims 

In his Response to Arguments (item 4 of the Final Office Action), the Examiner has also 
stated that "the claims only require that the Ti or N to be implanted within the surface of the 
stent." 

Appellants point out that claim 21 recites a stent having "a first region having Ti or N 
implanted on a molecular or atomic level at a depth within at least a region of a surface of the 
stent; a second region over the first region having TiN implanted on a molecular or atomic level 
at a depth within at least a region of a surface of the stent," and "a layer of TiN x O y compound 
over the second region." Thus, in the first region only Ti or N is implanted, but there is also a 
second region that has TiN implanted . 

Similarly, claim 19 recites "a method of modifying a stent surface." The method 
comprises the operations of "implanting Ti or N into the surface of the stent on a molecular or 
atomic level," that is "followed by implanting TiN over the Ti or N," and "followed by forming a 
layer of a TiN x O y compound over at least some of the areas where TiN has been implanted." 
Thus, claim 19 also includes implantation of TiN . 

As a result, the Examiner is incorrect when he states "the claims only require that the Ti 
or N to be implanted within the surface of the stent." 
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The Examiner has improperly interpreted Malik 

In his Response to Arguments (item 4 of the Final Office Action), the Examiner further 
elaborates "Malik clearly teaches implantation of nitrogen (N) compounded with Titanium (Ti) 
in the surface, as claimed." 

As noted above Malik only discloses the implantation of oxygen, nitrogen, carbon, and 
boron. Malik does not disclose the implantation of Ti, TiN or any other alloy of Ti. Malik 
repeatedly refers to a film of TiN x on a surface (page 2875, column 1, line 25; page 2876, 
column 2, lines 24 - 26; page 2877, column 1, lines 31-33; page 2877, column 2, lines 9-11; 
page 2878, column 1, lines 4-6 and lines 24 - 26; and page 2878, column 2, line 20 - page 
2879, column 1, line 1). In summary, Malik does not disclose implantation of TiN, but the 
formation of a TiN film on a surface. 

The Tri-Region Construct is not Taught 

Appellants again reiterate the position taken in the Response. Lazarov and Malik, alone 
or in combination, fail to teach the tri-region construct as claimed in claims 19 and 21 . More 
specifically, the references fail to teach a " first region having Ti or N implanted on a molecular 
or atomic level at a depth within at least a region of a surface of the stent; a second region over 
the first region having TiN implanted on a molecular or atomic level at a depth within at least a 
region of a surface of the stent; and a layer of TiN x O y compound over the second region ," as 
recited by claim 21 and "implanting Ti or N into the surface of the stent on a molecular or atomic 
level, followed by implanting TiN over the Ti or N, and followed by forming a layer of a TiN x O y 
compound over at least some of the areas where TiN has been implanted," as recited by claim 19. 

The Examiner has admitted "Lazarov reference does not disclose the compound 
[titanium-nitride-oxide (TiN x O y )] is implanted on a molecular level within the surface of the 
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stent." As noted above, Malik teaches the implantation of carbon, nitrogen, oxygen, and boron 
ions, and other unspecified "relevant ions." Thus, although Malik does disclose that a compound 
may be "implanted on a molecular or atomic level at a depth within at least a region of a surface 
of the substrate [stent]," Malik does not disclose "a second region over the first region having" 
another compound "implanted on a molecular or atomic level at a depth within at least a region 
of a surface of the stent." The tri-region construct is neither disclosed, nor rendered obvious by, 
Lazarov or Malik, alone or in combination. 

In his Response to Arguments (item 4, Final Office Action), the Examiner has stated that 
"Lazarov teaches layering [of] TiN x O y ." Appellants fail to see the relevance of layering of 
TiN x Oy on the surface of a device to Appellants' claims. As noted above, claim 21 is directed to 
a stent with a " first region having Ti or N implanted . . . ; a second region over the first region 
having TiN implanted . . . ; and a layer of TiN x O y compound over the second region ." 
Regarding claim 19, it is a method directed to " implanting Ti or N into the surface of the stent on 
a molecular or atomic level, followed by implanting TiN over the Ti or N , and followed by 
forming a layer of a TiNx Oy compound over at least some of the areas where TiN has been 
implanted." Thus, neither independent claims 19 nor 21 recite multiple layers on the surface of 
the device. As a result the fact that "Lazarov teaches layering [of] TiN x O y " is irrelevant. 

The Examiner has not established a Prima Facie case of Obviousness 

As Appellants discussed above, Lazarov and Malik, either alone or in combination, fail to 
teach, suggest, or render obvious, TiN implanted on a molecular or atomic level at a depth within 
at least a region of a surface of the stent, and the tri-region construct of Appellants' claims 19 
and 21 . Both of these arguments were previously presented in the Response. 
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In his Response to Arguments (item 4 in the Final Office Action), the Examiner has 
stated that "Malik was not relied upon for teaching implantation of the entire alloy. Malik was 
used to show that ion implantation with materials similar or the same as those in the alloy can be 
implanted at a depth within the surface of a stent." According to the Examiner, "Lazarov teaches 
layering [of] TiN x O y ." It is the Examiner's position that "the totality] of evidence shows that it 
is known in the art to implant TiN in the surface of a stent, and to have a covering of TiN x O y 
over the surface of the stent." The Examiner concludes that "one of ordinary skill in the art at 
the time the invention was made would have found it obvious to combine the teachings of 
Lazarov and Malik to reach the claimed invention." 

The Examiner has not established a prima facie case of obviousness. As best understood 
by Appellants, the Examiner is essentially stating that the missing elements mentioned above are 
"obvious," thus rendering Appellants' claims obvious. However, as recently noted by the Board 
of Patent Appeals and Interferences (BAPI) in a similar case in which the Examiner had asserted 
that the missing elements were "obvious" in light of the references, '"obviousness requires a 
suggestion of all limitations of a claim.' CFMT, Inc. v. Yieldup Interm. Corp., 349 F.3d 1333, 
1342 (Fed Cir. 2003) (citing In re Royka, 490 F.2d 981, 985 (CCPA, 1974))" (BAPI, Appeal 
2007-3733). Further, "rejections on obviousness grounds cannot be sustained by mere 
conclusory statements; instead, there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness." KSR International Co. v. Teleflex 
Inc. etal, 127 S. Ct. 1727, 1741 (2007). 

First, as discussed above, the totality of evidence does not show that it was known to 
implant TiN in the surface of a stent. Malik only discloses the formation of a TiN x film on the 
surface of a stent, but not the implantation of TiN. As admitted by the Examiner, Lazarov does 
not disclose implantation. 
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Second, Malik does not disclose the implantation of compounds with the exception of 
implantation of oxygen, nitrogen, carbon, and boron. Oxygen, nitrogen, carbon, and boron are 
different from a heavy metal such as Ti, and even more different from an alloy of Ti, such as TiN. 
There is nothing in the disclosure of the implantation of oxygen, nitrogen, carbon, and boron that 
would teach, suggest, motivate, hint, or render obvious the implantation of TiN. Moreover, the 
formation of a TiN x film on the surface of a substrate would not have led one to implant TiN in a 
substrate. 

Third, multiple layers of TiN x O y on the surface does not render obvious the tri-region 
construct of claims 19 and 21. The disclosure of multiple surface layers is not relevant to either 
claims 19 or 21 which recite one layer on the surface. 

It is clear that the Examiner is relying upon the hindsight of Appellants' specification and 
using it as a template to reach the conclusion that the claims are obvious in light of the 
references. The Examiner has not explained how the combination of the two references would 
have led one of ordinary skill in the art to the device of claim 21 with the two regions and a layer 
on top of the second region, or the method of claim 19 which involves the three processing 
operations. Additionally, the Examiner has not explained how the combination of the references 
would have led one of skill in the art to the implantation of TiN. 
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CONCLUSION 

The Examiner has failed, as a matter of law, to set forth a case of unpatentability of 
claims 2-6, 19, 21, 24, and 25. Appellant therefore respectfully requests that the Board reverse 
the Examiner's rejection and order that the application proceed to issue. 

The Commissioner is hereby authorized to charge the Squire, Sanders, and Dempsey 
Deposit Account No. 07-1850 for any fees due. 



Date: October 12, 2009 



Squire, Sanders & Dempsey L.L.P. 
One Maritime Plaza, Suite 300 
San Francisco, CA 941 1 1 
Telephone (415) 954-0200 
Facsimile (415) 393-9887 



Respectfully submitted, 



/Gloria M. Gusler, Reg. No. 50,282/ 
Gloria M. Gusler, Ph.D. 
Attorney for Appellant 
Reg. No. 50,282 
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VIII. Claims Appendix 



Listing of Claims: 

1 . (Withdrawn ) A stent comprising a compound including Ti, N, C r implanted on a 
molecular or atomic level at a depth within at least a region of a surface of the 
stent and a layer of TiN x C y disposed over the compound. 

2. The stent of Claim 21, wherein x is 1 and y is 1 or 2. 

3. The stent of Claim 21, wherein the depth of an implanted TiN x O y compound is 
not greater than about 2000 A from the surface of the stent. 

4. The stent of Claim 21, wherein the layer of TiN x O y is exposed on the surface of 
the stent. 

5. The stent of Claim 4, wherein x is 1 and y is 1 or 2. 

6. The stent of Claim 4, wherein the layer of TiN x O y compound is not more than 
about 48,000 A in thickness. 

7. (Withdrawn) The stent of Claim 1, wherein the stent is made from stainless steel. 

8. (Withdrawn) The stent of Claim 1, wherein the surface is the tissue-contacting 
surface of the stent. 

9. (Withdrawn) A stent comprising a layer of TiN x C y on a surface of the stent and a 
subsurface compound including Ti, N, or TiN disposed beneath the layer of 
TiN x C y , wherein the subsurface compound is intermixed with a surface material 
of the stent. 

10. (Withdrawn) The stent of Claim 9, wherein a region of the layer of TiN x C y is 
implanted at a depth within a surface of the stent. 
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11.-12. (Canceled) 



13. (Withdrawn) A method of modifying a surface of a stent, comprising implanting 
a compound including Ti, N, C on a molecular or atomic level at a depth within a 
surface of the stent, followed by depositing TiN x C y over the implanted compound. 

14. (Withdrawn) The method of Claim 13, wherein x is 1 and y is 1 or 2. 

15. -16. (Canceled) 

17. (Withdrawn) The method of Claim 13, wherein the stent is made from stainless 
steel. 

18. (Withdrawn ) The method of Claim 13, wherein prior to the act of implanting the 
compound including Ti, N, C within the surface of the stent, the method 
comprises implanting Ti, N or TiN within the surface of the stent. 

19. A method of modifying a stent surface, comprising implanting Ti or N into the 
surface of the stent on a molecular or atomic level, followed by implanting TiN 
over the Ti or N, and followed by forming a layer of a TiN x O y compound over at 
least some of the areas where TiN has been implanted. 

20. (Canceled) 

21 . A stent comprising; a first region having Ti or N implanted on a molecular or 
atomic level at a depth within at least a region of a surface of the stent; a second 
region over the first region having TiN implanted on a molecular or atomic level 
at a depth within at least a region of a surface of the stent; and a layer of TiN x O y 
compound over the second region. 

22. -23. (Canceled) 
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24. The stent of Claim 21, wherein the stent is made from stainless steel. 

25. The stent of Claim 21, wherein the surface is the tissue-contacting surface of the 
stent. 

26. (Withdrawn) A stent comprising a layer of TiN x C y exposed on the surface of the 
stent, the stent having a surface material different than TiN x C y and a compound 
including Ti, N, or TiN, disposed beneath the layer of TiN x C y such that the 
compound is blended with the surface material of the stent. 

27. (Withdrawn) The stent of Claim 26, wherein a region of the layer of TiN x C y is 
implanted at a depth within a surface of the stent. 

28. -33. (Canceled) 

34. (Withdrawn) A stent comprising a TiN x C y compound implanted on a molecular 
or atomic level at a depth within at least a region of a surface of the stent. 

35. -41. (Canceled) 

42. (Withdrawn) The stent of Claim 34, additionally comprising a layer of a TiN x C y 
compound on the region of the surface of the stent wherein the TiN x C y compound 
is implanted. 

43. (Withdrawn) A method of modifying a stent surface, comprising implanting on a 
molecular or atomic level Ti, N, or TiN into the surface of the stent and forming a 
layer of a TiN x C y compound over the areas where Ti, N, or TiN has been 
implanted. 



316766.5 



44. (Withdrawn) A method of modifying a surface of a stent, comprising implanting 
a TiN x C y compound on a molecular or atomic level at a depth within a surface of the 
stent or depositing the compound on the surface of the stent. 

45. (Withdrawn) The stent of Claim 1, wherein the layer of TiN x C y is exposed on a 
surface of the stent. 
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IX. Evidence Appendix 

Attached hereto are the following Exhibits: 

A. U.S. Pat. No. 6,1 10,204 to Lazarov et al. 

B. Malik et al, J. Vac. Sci. Technol. A, 15(6), Nov/Dec 1997 

C. Final Office Action mailed on 12 May 2009 

D. Office Action mailed on 9 July 2008 

E. Response of 22 February 2009 to Notice of Informal or Non-Responsive 
Amendment of 27 January 2009 
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ABSTRACT 



The present invention relates to an implant for use in the 
human body, an implant substrate being coated with a 
material which contains chemical compounds between one 
or more metals (M) of group IV A of the periodic system, 
nitrogen (N) and oxygen (O), 2 to 45% of the volume in the 
coating material being formed by voids whose sizes range 
from (0.4 nm) 3 to (50 nm) 3 , and the remaining volume 
having a composition of a metal of group IV A of the 
periodic system to nitrogen to oxygen of 1:(0.1 to 1.7):(0.1 
to 1.7), a material having formula MN^ (wherein x,y= 
0.1—1.7) resulting. 

The invention also relates to the use of this implant for 
implantation into the animal or human body. 
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IMPLANT 

The present application is a U.S. nationalization pursuant 
to 35 U.S.C. 371 of PCT/DE96/00322 filed on Feb. 22, 1996 
which is in turn based on German Patent Application No. 5 
195 06 188.8 filed on Feb. 22, 1995. 

This invention relates to implants. 

Various artificial materials are introduced into the human 
body as a short-term or relatively long-term implant for 
diagnosis and treatment (catheters, probes, sensors, stents, 10 
artificial heart valves, endotracheal tubes etc.). The selection 
of the material for these implants depends on the stability 
and geometry required to insure a certain function of the 
implant. In order to meet these functional demands, it is 
often not possible to pay sufficient regard to the fact of 15 
whether these materials are biocompatible. Therefore, it is 
useful to improve the materials from which these implants 
are made by coatings which are compatible with blood and 
tissue. Coatings are required which activate the coagulation 
system only to a minor degree, and which cause few 20 
endogenous defense reactions thus reducing the deposit of 
thrombi and biofilm on the implant surface. A coating is 
useful for all materials which are directly introduced into the 
bloodstream, e.g. for vascular prostheses, stents, artificial 
heart valves, as well as for implants which are in contact 25 
with tissue, e.g. cardiac pacemakers or defibrillators and for 
implants which are in contact with body fluids, e.g. bile duct 
drains, catheters for draining urea and cerebrospinal fluid, 
and endotracheal resuscitation tubes. The blood compatibil- 
ity of implants is influenced decisively by their surface 30 
properties. In order to avoid the formation of thrombi 
("antithrombogcncity"), relative smoothness is necessary to 
prevent the deposit and destruction, of corpuscular compo- 
nents of the blood and activation of the coagulation system. 
In addition, direct charge exchange processes must be pre- 35 
vented between coagulation-specific proteins and the 
implant surface. 

It is known to use coatings made of pyrolytic carbon as 
a common material for heart valves to meet these demands. 
In addition, it is known to use semi-conducting materials, 40 
e.g. a-SiC:H as an implant coating, to prevent the charge 
exchange processes between the coagulation-specific pro- 
teins and the implant surface (A. Bolz, M. Schaldach, 
"Haemocompatibility optimisation of implants by hybrid 
structuring", Med. & Biol. & Comput., 1993, 31, pp. 45 
123—130). Furthermore, it is known to employ Ti 6 Al 4 V as a 
coating (I. Dion, C. Baquey, J.- R. Monties, P. Havlik, 
"Haemocompatibility of Ti 6 Al 4 V alloy", Biomaterials, Vol. 
4, 1993, pp. 122— 126). A plurality of plastics have also been 
investigated in the field of polymer chemistry to produce 50 
non-adhering surfaces. In this field as well, the problem has 
not yet been solved satisfactorily (R. F. Brady Jr., "Coming 
to an unsticky end", Nature, Vol. 368, 1994, pp. 16-17). 

Although implants having a carbon coating and a porous 
structure meet the demands made on the surface properties, 55 
they have the drawback that an electron transfer caused by 
tunneling of occupied, valence band-like states of the pro- 
tein to free states of the solid leads to cleavage of fibrinogen 
in the blood. The resulting fibrin monomers polymerize and 
produce an irreversible thrombus. Although implants made 60 
of rutile ceramics prevent these charge exchange processes, 
they were not ready for series production because of the high 
production costs. Although implants having a coating made 
of amorphous carbon (a-SiC:H) can be produced in a 
cost-effective fashion, the drawback of this material consists 65 
in that it is not hard enough for certain applications. This 
material is presently produced by means of CVD methods 
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which require great heating of the substrate as an additional 
problem, so that application is made more difficult for a large 
number of heat-sensitive basic materials. In addition, this 
material has a fixed band gap and low conductivity. Both 
properties lead to the formation of thrombi rather than 
preventing them. 

Therefore, it is the object of the present invention to 
provide an implant of the above-mentioned kind with a 
surface by which the activation of blood coagulation accom- 
panied by the formation of thrombi as well as the formation 
of a biofilm are reduced significantly. 

The object is achieved by an implant according to the 
present invention. 

An implant within the meaning of this invention shall 
comprise every device or every means which can be 
implanted into an animal or human body or inserted therein 
on a relatively long-term basis and short-term basis, 
respectively, or be attached to the animal or human body. 
The following examples are mentioned: catheters, probes, 
sensors, stents, artificial heart valves, endotracheal tubes, 
cardiac pacemakers. 

The material for coating the implant, i.e. the coating 
material, contains the following chemical compounds: one 
or more metals of the IVA group of the periodic table, 
nitrogen and oxygen. 2—45%, preferably 10-A3%, more 
preferably 20—35%, of the volume is formed by voids whose 
sizes range from (0.4 nm) 3 [=0.064 nm 3 ] to (50 nm) 3 
[=125000 nm 3 ], preferably (0.4 nm) 3 to (20 nm) 3 . The gaps 
frequently described in the literature (e.g. John A. Thornton, 
The microstructure of sputter-deposited coatings, J. Vac. Sci. 
Technol. A4 (6), 1986, pp. 3059-3065) and formed by 
columnar film growth are not meant to be within the scope 
of these voids. Thus, it is not the known gaps between the 
columns that are of concern but rather voids within these 
columns. These very voids result in the properties specific to 
the invention. The remaining volume of the coating material 
(98-55%, preferably 90—57%, especially preferably 
80—65%) has a composition of a metal of group IVA of the 
periodic table to nitrogen to oxygen such as 1:(0.1 to 
1.7):(0.1 to 1.7), preferably 1:(0.4 to 1.2):(0.1 to 1.2). The 
formula of the material is MN^O^, "M" being a metal of 
group IVA of the periodic table and x and y, respectively, 
being values from 0.1 to 1.7. The above ratios refer to the 
particle number and molar ratios, respectively. The metal of 
group IVA of the periodic table may be titanium, zirconium 
or hafnium or a mixture of two or the three metals. 
Preferably, it is titanium. 

As far as the sizes of the voids are concerned, it is 
preferred that they occur in the lower range, i.e. that they are 
preferably not greater than (15 nm) 3 . The "remaining vol- 
ume" of the material preferably comprises one or more 
chemical compounds selected from the group consisting of 
MN, (x=0.7 to 1.2), MO, (x=0.7 to 1.2), Magnelli phases of 
the M — O system (Mn0 2jl _J, M0 2 , M 2 N (wherein 
M=metal of group IVA of the periodic system) as well as 
about 0-30%, preferably 0.5—5%, of carbon compounds of 
a metal of group IVA of the periodic table. By the addition 
of these carbon compounds the spectrum of possible uses of 
the coating is extended and the stability is increased, which 
has been shown e.g. in the case of urine catheters. Minor 
amounts of titanium carbides as impurities are usually not 
disturbing, they even permit a cheaper production of the 
coating. The possibility that the chemical phases may pref- 
erably be present in the coating material in crystalline or 
amorphous form, prevents the apposition and destruction of 
corpuscular components of the blood, so that the involved 
activation of the coagulation system is prevented. Therefore, 



6,110,204 



the coating material counteracts the formation of thrombi, 
i.e. shows "antithrombogenic" properties. 

The possibility of introducing a fractual size distribution 
of the voids, permits an essential extension of the surface as 
used e.g. for pacemaker electrodes. A greater surface permits 5 
a reduction of the electrical impedance and thus a longer 
service life of a pacemaker battery. 

Furthermore, the coating material preferably includes 
that the real part of the refractive index for the X-ray 
wavelength of 0.0709 nm ranges from 0.9999984 to 
0.9999973. The mass density of the coating material pref- 
erably ranges from 3.5 to 5.4 g/cm 3 , preferably from 3.7 to 
4.5 g/cm 3 , more preferably from 3.8 to 4.2 g/cm 3 . 

In addition to the metals of group IVA of the periodic 
table, the coating material may also contain niobium, 
tantalum, tungsten, molybdenum or alloys thereof as addi- 15 
tional metals, which improves the corrosion resistance of the 
coating. 

When the material contains hydrogen (dissolved or pref- 
erably in bound form), free bonds are saturated in the 
amorphous phases. This affects the electron state distribution 20 
which is more favorable for biocompatibility. 

The thickness of the coating ranges preferably from 3 nm 
to 3 mm, more preferably from 10 nm to 2 mm, most 
preferably from 30 to 71 nm. 

The coating preferably has a specific resistance ranging 25 
from 30 to 30000 /jQ.cm, preferably 100 to 6000 /(Q.cm, 
more preferably 2000 to 3000 ,aQ.cm. The specific resis- 
tance can be adjusted without any problem by the selection 
of the void fraction or portion. The specific resistance of the 
material increases when voids are added. For example, the 30 
specific resistance of TiN 0 98 O 0 2 may be 70 /(Q.cm when 
the void portion is 3% and increases up to about 650 /(Q.cm 
when the void portion is 40%. 

The coating is disposed as a thin layer on a substrate 
suitable as an implant. This substrate may be made of 35 
plastics, e.g. polyester, poly amide, polyurethane (PUR), 
polyethylene (PE), polytetrafluoroethylene (PTFE) or 
DACRON^ or of a metal such as molybdenum, silver, gold, 
copper, aluminum, tungsten, nickel, chromium, zirconium, 
titanium, hafnium, tantalum, niobium, vanadium, iron or the 40 
mixtures or alloys thereof. The coating formed as a thin layer 
is applied preferably onto a rough substrate surface whose 
roughness is characterized by a random distribution of the 
deviations from the mean level and the standard deviation of 
this distribution ranges from 0 to 1500 nm, preferably 40 to 45 
120 nm. 

The coating may additionally be coated with at least one 
further thin layer selected from the group consisting of one 
or more oxides, preferably Si0 2 , Ti0 2 , Zr0 2 , Hf0 2 , A1 2 0 3 , 
Y 2 0 2 , niobium, molybdenum, tungsten and tantalum oxides. 50 

In a preferred embodiment, an intermediate layer pro- 
ducing adhesive strength is provided between the substrate 
and the coating. This intermediate layer comprises a metal, 
preferably chromium, copper, nickel, molybdenum, 
tantalum, niobium, silver or alloys of these met als, or a 55 
semiconductor. 

Growth of endogenous cells, which serves particularly 
for anchoring the implant but also for inducing the formation 
of a physiological surface, can be controlled by the compo- 
sition of the material surface. The surface coating can be 60 
applied to many different basic materials (substrates), e.g. 
metals and plastics, having differing geometry. A special 
advantage of the implants according to the invention is 
represented by the cost-effective production as w ell as the 
fact that as a function of the chosen method the coating can 65 
also be applied to materials which d o not tolerate heating 
because of their special structure. 



The coating can be made by means of both the CVD 
method and the PVD method, but especially preferably by 
the PVD method. In particular, the following process is 
suited for the production of the implants according to the 
invention: While the metal of group IVA of the periodic table 
is deposited onto a substrate suitable as an implant, an oxide, 
nitride or carbide compound forms by maintaining a gas 
atmosphere which contains at least one of the gases N 2 , 0 2 , 
CH 4 and/or noble gases. In this connection, the condensation 
of the metal particles on a heatable or coolable substrate is 
controlled via the total gas pressure p ror , the deposition rate 
r, the substrate temperature T sub and by the distance 1 
existing between metal source and substrate, such that the 
volume fraction of voids is 2 to 45% by volume, whose sizes 
range from (0.4 nm) 3 to (50 nm) 3 . The production param- 
eters are chosen as follows: 
T rai =-5 to 400° C, 
1=0.01 to 1.5 m 

the partial pressure ratio of the introduced gases N 2 and 0 2 : 

(Pv 2 /P 02 )=l to 2000, 
P rot =2xl0" 5 hPa-4xl0" 2 hPa and 
r=0.01 to 60 nanometers/s. 

For the production process it is necessary to adjust the 
production parameters such that the portion of voids is 
foreseeable. This can be done by the following procedure: 
the following applies to substrate temperatures ranging from 
preferably 100 to 220° C. and a distance of the vapor source 
to the substrate 1 ranging preferably from 0.5 to 1.2 m: 

A volume fraction of 34% of voids will be achieved if 



■r/1 = (1 to 3) -10" 



, mBar nm 



and the total gas pressure P tot ranges from 0.7x10 3 hPa to 
2xl0" 2 hPa. 

A volume fraction of 20% of voids is achieved when a 
choice is made within the range of 



mBa 



K = P, ot ■ r/ 1 = (0.2 to 0.5) ■ 10~ 4 



Volume fractions between 20 and 34% may be adjusted by 
chosing the magnitude K according to the following equa- 
tion: 



, mBa 



K = ((0.04 to 0.2) - desired void portion- 0.7) ■ 10" 



Thus, there is the possibility of producing the desired void 
portion in the material according to the invention by adjust- 
ing rate r, the total gas pressure P ror and the distance 1. 

By analogy, the volume fraction of the voids in the layer 
can be controlled for the substrate temperatures ranging 
from preferably 250 to 400° C. and 1 ranging from preferably 
0.5 to 1.2 m as follows: A volume fraction of e.g. 40% of 
voids will be achieved if 



K= (6 to 8) -10" 



. mBar nm 



and V tot ranges from 2xl0" 2 hPa to 4xl0" 2 hPa. If K is 
chosen within the range of 
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. mBa 



K = (0.8 to 1.9) ■ 10" 



the volume fraction of the voids will be 20%. In order to 
realize values between 20 and 40% of volume fractions, K 
has to be chosen according to the equation: 

A raBar nm 

K = ((0.12 to 0.31) - desired void portion- 0.4) ■ 10~ 4 . 10 



Volume fractions therebetween can be determined by 
linear interpolation in each case. Small volume fractions of 
voids (2—20%) are achieved with small rates of 0.01—0.1 15 
nm/s and at low gas pressures of 10 -4 — 2xl0 -4 mBar. Very 
large void portions (>40%) are achieved at high total gas 
pressures of >4xl0 -2 mbar: At these gas pressures, the 
material may be present as a loose compound. The coating 
is effected on a substrate which is suited as an implant as 20 
defined above. 

In the case of plastic implants T sub must, of course, be 
chosen such that plastics do not change, i.e. T sub should be 
preferably 5 to 20 Kelvin below the transformation tem- 
perature of the plastics. 25 

The coating is deposited on the substrate in a usual 
vacuum deposition apparatus as is common to a person 
skilled in this field. 

As compared to the formerly used materials, the advan- 
tage of the coating material of the present invention consists 30 
particularly in that it is possible to vary between differing 
states (metallic, dielectric). As a result, the composition of 
the material can be adjusted such that it may have attracting 
or repelling properties for body cells, blood protein compo- 
nents or microorganisms. 35 

The material has a portion of voids whose volume fraction 
may be increased or lowered as desired. By the void portion, 
the band structure can be adapted to the demands without 
changing the chemical composition. Thus, the positive prop- 
erties of the coating material are lost very rapidly when the 40 
void size is above (50 nm) 3 . In addition, the growth or 
adhering of living cells can be increased or decreased by the 
well-calculated selection of the void portion. In this 
connection, it is preferred that in addition to the above - 
described voids ranging from (0.4 nm) 3 to (50 nm) 3 the 45 
coating also contains greater voids above (500 nm) 3 . This 
supports the growth of the implant in given cell structures or 
also the growth of cells onto the coated surface. This is 
supported by the fact that the implant material to be coated 
(i.e. the substrate) may have a rough surface. The surface 50 
roughness is preferably between 0—1500 jiim. 

Another advantage is that the material can be supplied 
with depot substances, preferably coagulation-inhibiting 
substances or antibiotics, which are then continuously 
released from the material. 55 

The surface coating of the implant according to the 
invention is especially advantageous because the described 
material has a conductivity which prevents the formation of 
volume charges activating fibrinogen. In addition, the 
described coating material has an electron density which 60 
does not permit a space current from fibrinogen to the 
implant. This property also prevents the activation of 
fibrinogen. These positive properties of the described mate- 
rial are adjusted in two ways: on the one hand, by varying 
the voids within the claimed range and, on the other hand, 65 
by varying the chemical composition. Both possibilities 
serve for achieving that the electron density of the coating is 



on the energetic level of the protein states in the blood. In 
addition, it is beneficial that the coating be developed in such 
a way that the charge exchange processes occurring between 
the coagulation-specific proteins and the implant surface are 
prevented. 

The implant can be used for implantation or short-term or 
long-term introduction into or attachment to the animal or 
human body. 

The invention is now described in more detail with 

reference to the figures: 

FIG. 1 shows a section through the coating of an implant 
FIG. 2 shows UPS spectra of six coatings of endotracheal 

tubes 

FIG. 3 shows contact angle pictures of 3 modifications of 
TiN^Oy (wherein x=1.0 and y=l.l, but the void portions 
vary) relative to water. In (a), the void portion is 40%, in (b), 
it is 22%, and in (c), it is 3%. The adhesive properties are 
controlled by the void portion. 

The invention is now described in more detail with 
reference to the examples: 

EXAMPLES 

Example 1 

The surface of a heart valve prosthesis made of the basic 
material titanium was coated with a coating of TiN^O^ 
(x=1.2 and y=0.6; measured by means of Elastic Recoil 
Detection (ERD)). The coating was produced by means of 
reactive evaporation with selection of the following param- 
eters: substrate temperature=250° C, distance between 
evaporator and substrate=45 cm; partial pressure ratio (N 2 to 
O 2 )=1500; total pressure=7xl0 -4 hPa; deposition rate=0.2 
nm/s. 

The void portion in the coating material was around 28% 
and the void size was between (0.6 nm) 3 and (0.9 nm) 3 . 

FIG. 1 shows a section through the coated heart valve 
prosthesis, (1) representing the surface of the basic material 
and (2) denoting the coating. The coating (2) has a thickness 
of 3 pan. 

Example 2 

Six endotracheal tubes were coated. The coating was 
produced by means of reactive evaporation with selection of 
the following parameters: substrate temperature =250° C, 
distance between evaporator (metal source) and substrate 45 
cm; total pressure=7xl0 -4 hPa; deposition rate=0.2 nm/s. 
The partial pressure ratio (N 2 to 0 2 ) of the supplied gas es 
was varied. 

The void portion in the coating material was around 24%, 
and the void size was between (0.6 nm) 3 and (0.9 nm) 3 . 

UPS spectra which are shown in FIG. 2 were made of the 
six coatings. 

Graph (1): Coating of TilSLG^ wherein x=0.5 and y=1.4, 
measured by means of Elastic Recoil Detection (ERD). The 
partial pressure ratio (N 2 to 0 2 ) was 120. 

Graph (2): Coating of TilSLG^ wherein x=0.9 and y=1.2, 
measured by means of Elastic Recoil Detection (ERD). The 
partial pressure ratio (N 2 to 0 2 ) was 500. 

Graph (3): Coating of TilSLG^ wherein x=0.9 and y=0.8, 
measured by means of Elastic Recoil Detection (ERD). The 
partial pressure ratio (N 2 to 0 2 ) was 900. 

Graph (4): Coating of TilSLG^ wherein x=0.9 and y=0.2, 
measured by means of Elastic Recoil Detection (ERD) The 
partial pressure ratio (N 2 to 0 2 ) was 1200. 

Graph (5): Coating of TilSLG^ wherein x=1.4 and y=0.3, 
measured by means of Elastic Recoil Detection (ERD) The 
partial pressure ratio (N 2 to 0 2 ) was 1600. 
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Graph (6): Coating of TiN^O wherein x=1.5 and y=0.15, 
measured by means of Elastic Recoil Detection (ERD) The 
partial pressure ratio (N 2 to 0 2 ) was 2000. 

The coatings on which graphs (2) to (6) are based mark- 
edly show a Fermi level which is correlated with conduc- 5 
tivity. 

Example 3 

Three differing coating materials of TiN-,.0^ (x=1.0 7 
y— 1.1) were applied by means of vacuum deposition onto 10 
endotracheal tubes and contact angle pictures of the three 
coatings were made. The results are shown in FIG. 3. (a) is 
the picture of a sample having a 40% void portion, (b) is that 
of a sample having a 22% void portion, and (c) is that of a 
sample having a 3% void portion. 

The parameters chosen for the production of the coating 
were: 

in the sample having 40% of void portion : 

distance between metal source and substrate=70 cm 
substrate temperature T sub =300° C. 
partial pressure ratio (P iV2 /P O2 )=1200 
deposition rate r=0.01 nm/s 
total gas pressure=2xl0~ z hPa 

A void size between (0.8 nm) 3 and (2.8 nm) 3 resulted, 
in the sample having a void portion of 22%: 

distance between metal source and substrate=70 cm 
substrate temperature T Jui =300° C. 
partial pressure ratio (P iV2 /P O2 )=1200 
deposition rate r=0.25 nm/s 

total gas pressure=2xl0 -4 hPa ^ 
A void size between (0.6 nm) 3 and (0.9 nm) 3 resulted, 
in the sample having a void portion of 3%: 

distance between metal source and substrate=70 cm 
substrate temperature T Jui — 300° C. 

partial pressure ratio (P W2 /P O2 )=1200 35 
deposition rate r=0.7 nm/s 
total gas press=2xl0~ 4 hPa 

A void size between (0.4 nm) 3 and (0.8 nm) 3 resulted. 
As follows from FIG. 3, the adhesive properties of the 
coating can be controlled by varying the void portion. 

What is claimed is: 40 

1. An implant, comprising a substrate coated with a thin 
layer of a coating material, wherein said coating material 
comprises one or more metals (M) of group IV A of the 
periodic table, nitrogen (N) and oxygen (O), and wherein 2 

to 45% of the volume in the coating material is formed by 45 
voids whose sizes range from (0.4 nm) 3 to (50 nm) 3 and the 
remaining volume comprises a composition of a metal of 
group IV A of the periodic table, nitrogen and oxygen in a 
ratio of 1:(0.1 to 1.7):(0.1 to 1.7), such that a material having 
the formula MN^O wherein x,y=0. 1—1.7 results. 50 

2. The implant according to claim 1, wherein the coating 
material further comprises one or more of the following 
chemical compounds: 

MN, wherein x=0.7 to 1.2 

MO, wherein x=0.7 to 1.2 55 

Magnelli phases of the M — O system (M„0 2 „_ 1 ) 

M0 2 

M 2 N 

wherein M is a metal of group IV A of the periodic table. 



3. The implant according to any one of claims 1 to 2, 
wherein the coating material contains small amounts of 
carbon compounds of a metal of group IV A of the periodic 
table. 

4. The implant according to any one of claim 1 or 2, 
wherein the metals (M) of group IV A of the periodic table, 
nitrogen (N) and oxygen (O) may occur in the coating 
material in crystalline or amorphous form. 

5. The implant according to any one of claim 1 or 2, 
wherein the real part of the refractive index of the coating 
material for the X-ray wavelength of 0.0709 nm ranges from 
0.9999984 to 0.9999973. 

6. The implant according to any one of claim 1 or 2, 
wherein the mass density of the coating material ranges from 
3.5 to 5.4 g/cm 3 . 

7. The implant according to any one of claim 1 or 2, 
further comprising at least one compound selected from the 
group consisting of niobium, tantalum, tungsten, molybde- 
num and alloys thereof. 

8. The implant according to any of claim 1 or 2, wherein 
the coating material further comprises hydrogen. 

9. The implant according to any one of claim 1 or 2, 
wherein the layer thickness of the coating material on the 
substrate ranges from 3 nm to 3 mm. 

10. The implant according to any one of claim 1 or 2, 
wherein the specific resistance ranges from 30 to 300000 
/i£2cm. 

11. The implant according to any of claim 1 or 1, wherein 
the coating material is applied as a thin layer onto a rough 
substrate surface wherein the roughness is characterized by 
a random distribution of deviations from a mean level 
wherein a standard deviation of the distribution ranges from 
0 to 1500 jum. 

12. The implant according to any one of claim 1 or 2, 
wherein the thin coating layer is coated with at least one 
further thin layer comprising one or more oxides selected 
from the group consisting of Si0 2 , Ti0 2 , Zr0 2 , Ilf0 2 , A1 2 0 3 
Y 2 0 3 , niobium oxide molybdenum oxide, tungsten oxide 
and tantalum oxide. 

13. The implant according to any one of claim 1 or 2, 
wherein at least one further thin layer, made of a metal or a 
semi-conductor is introduced between the substrate and the 
coating. 

14. The implant according to any one of claim 1 or 2, 
wherein the coating material is applied onto a metallic 
substrate comprising molybdenum, silver, gold, copper, 
aluminum, tungsten, nickel, chromium, zirconium, titanium, 
hafnium, tantalum, niobium, vanadium, iron and one or 
more alloys thereof. 

15. The implant according to any one of claim 1 or 2, 
wherein the coating material is applied onto a plastics 
substrate comprising a polyester, a polyamide, a polyure- 
thane (PUR), a polyethylene (PE), a polytetrafluoroethylene 
(PTFE) or DACRON*. 

16. The implant according to any one of claim 1 or 2, 
wherein the voids range from (0.4 nm) 3 to (50 nm) 3 and the 
coating material has voids greater than (500 nm) 3 . 
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Plasma source ion implantation (PSII) is a relatively simple technique for the ion implantation/ 
deposition of materials. In PSII a substrate is immersed in a plasma, and high negative voltage 
pulses are applied to accelerate ions into the substrate resulting in modification of the properties of 
the material in the near surface region. A technique was developed to produce uniform diamondlike 
carbon coatings and TiN x films inside and outside a hollow cylinder (substrate). A description of 
apparatus, experimental methods for this type of deposition process, and preliminary results are 
presented in this article. © 1997 American Vacuum Society. [S0734-2 101 (97)03206-5] 



I. INTRODUCTION 

Plasma source ion implantation (PSII) 1-4 is a relatively 
simple ion implantation/deposition technique for the surface 
modification of materials for tribological and semiconductor 
applications. In PSII, a substrate is immersed in a plasma and 
a train of high negative voltage pulses is applied to the sub- 
strate. When negative high voltage pulses are applied to the 
substrate, a region of high electric field is formed inside the 
plasma sheath. The ions accelerate under the influence of 
electric field inside the sheath. Hence, the desired ion species 
are injected into the substrate to modify the properties of the 
material in the near surface region. The PSII technique has 
been used to implant nitrogen, oxygen, carbon, and boron 
ions into various materials. PSII has been applied to tailor 
the surface properties of materials for wear, corrosion, fric- 
tion, and hardness improvements. 3 

Besides ion implantation, the PSII has been also used to 
mix the films deposited by sputtering of various materials 
such as titanium, tantalum, and chromium. Conventionally, 
the acronyms used to describe the sputter deposition and 
mixing processes used to produce these films: Ion beam as- 
sisted deposition (IBAD), ion beam enhanced deposition 
(IBED), ion assisted deposition (IAD), etc. Because in the 
case of PSII-based deposition there is no beam of ions in- 
volved, these acronyms do not accurately describe the pro- 
cess. However, the PSII based deposition process is better 
represented using a term such as energetic ion assisted mix- 
ing and deposition (EIAMAD). The advantage of the PSII- 
EIAMAD process over conventional beam line ion beam en- 
hanced deposition (IBED) is that in PSII-EIAMAD energetic 
ions are accelerated in the gap between the sputtering cath- 
ode and the entire surface of the substrate, while in IBED the 
substrate has to be manipulated and the ion beam needs ras- 
tering. Figure 1 represents a schematic of a PSII-EIAMAD 
process. In this setup the sputtering cathode (target) is pow- 
ered by radio frequency (rf) source which produces a nega- 
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tive self-bias on the cathode. The cathode (target) can also be 
negatively biased by a direct current (dc) voltage or combi- 
nation of both the dc and the rf. The material sputtered from 
the cathode (target) deposits on the substrate which is biased 
with a train of negative dc high voltage pulses. There is a 
mixture of nitrogen and argon plasmas between the sputter- 
ing cathode and the substrate. The nitrogen ions form com- 
pound with the sputtered material e.g., Ti, Cr, and Ta, while 
the argon ions play double role; (i) sputtering from the cath- 
ode and (ii) mixing on the substrate. A conceptual represen- 
tation of this process has been depicted in Fig. 1 . We have 
employed the PSII-EIAMAD process to produce hard coat- 
ings of golden color titanium nitride (TiN x ), golden brown 
color chromium nitride. (CrN), and shiny translucent dia- 
mondlike carbon (DLC) films. Figure 2 represents an ex- 
ample of Auger profile of atomic concentration of CrN de- 
posited by the PSII-EIAMAD process as shown in Fig. 1 . A 
chromium plated copper plate was used as the sputtering 
cathode (target) and rf power of 400 W was applied to it. The 
partial pressure of argon and nitrogen was maintained at 1 
mTorr for each of the two gases. The substrate was biased at 
24 kV, 100 Hz, with a 20 /is of pulse width. We have also 
produced silver gray TaN using the scheme shown in Fig. 1 ; 
the detailed results are discussed somewhere else. 6 The mi- 
crostructural properties of the coated films can be tailored by 
varying the pulse width and frequency of the applied voltage 
pulses during deposition. 

In order to prepare the surface of the substrate for PSII 
processing, contaminants and oxide layers are removed by 
sputtering the surface using energetic ions from argon 
plasma. Plasma cleaning is desirable for good adhesion of 
the deposited films and prevention of cross-implantation. 
The substrate surface is precleaned chemically and then in 
situ sputtering is performed before the PSII process is ap- 
plied. Argon plasma is used to sputter clean the substrate 
surface. Typical processing parameters applied for surface 
cleaning of the substrate are; (i) argon gas pressure on the 
order of 1 mTorr, (ii) ion dose ~ 1£17 ions-cm -2 and, (iii) 
substrate bias -2-10 kV. 
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Fig. I . Experimental setup used for producing PSII-EI AMAD coatings, e.g., 
TiN, , CrN, and TaN on planar samples. 



PSII-EIAMAD compound films are produced using a 
sputter cathode (target) of the corresponding metal and a 
mixture of reactive gas and an argon plasma. A sputtering 
cathode (target) is installed conformal to the surface of the 
substrate. A mixture of an inert gas and a reactive gas is 
introduced in the vacuum chamber to generate a plasma. 
Typically argon, neon, or krypton are the inert gases and 
nitrogen, methane, oxygen are reactive gases. A heavier gas 
like Kr is used to enhance mixing but a lighter gas like Ne is 
desirable if surface damage is a concern. After sputter clean- 
ing, the substrate may be implanted with a relevant ion spe- 
cies for improved adhesion. A negative dc-bias or if self-bias 
is applied to the sputter cathode (target). The positive ions of 
an inert gas impinge on the surface of the target and knock 
off the target atoms and these atoms are deposited on the 
surface of the substrate. The right combination of gases is 
chosen for mixing and the production of stoichiometric 
films; e.g., a 6% nitrogen and 94% argon mixture with tita- 




1.5 2 2.5 3 3.5 
Sautter Time (rain) 

Fig. 2. Auger profile of CrN deposited on silicon samples using experimen- 
tal setup shown in Fig. I . 



nium as the sputtering cathode (target) has produced films of 
golden-colored, nearly stoichiometric TiN x films. 

DLC films are also produced using PSII-EIAMAD in 
which methane and/or acetylene (C 2 H 2 ) plasmas are applied. 
When high voltage pulses are applied to the substrate im- 
mersed in a neutral gas at high pressure (order of a mTorr), a 
plasma is generated by the glow discharge (GD) phenom- 
enon. The DLC films were characterized using Raman spec- 
troscopy and high quality films have been produced using 
this method. 7,8 The DLC films have good adhesion, low fric- 
tion, and enhanced wear resistance. 

The purpose of this study was to use the PSII-EIAMAD 
technique to deposit films on the inside and outside of the 
cylindrical surfaces. In order to produce uniform ion implan- 
tation, and PSII-EIAMAD on the inner surface of a cylindri- 
cal substrate a co-axial configuration was adopted. When an 
anode is placed inside the cylinder (substrate) and it is biased 
at a negative high voltage potential, a uniform radial electric 
field normal to the inner surface of the cylinder (substrate) is 
generated. A plasma can be generated inside the cylinder 
(substrate) due to a glow discharge phenomena. We have 
performed two sets of experiments for cylindrical substrates. 
In one set of experiments the uniformity of DLC films on the 
outer surface of a cylinder (substrate) (6.3S cm diam and 
12.7 cm high) was evaluated. In other set of experiments 
DLC and TiN x films were produced on the inner surface of a 
cylindrical substrate. In our first experiment DLC films were 
produced on the outer surface of a cylinder (substrate) with- 
out a co-axial geometry configuration. The DLC films pro- 
duced were nonuniform and also a significant amount of yel- 
lowish gray coating was observed on the walls of the 
vacuum chamber. In a second experiment, a co-axial geom- 
etry was used to resolve three issues; (1) production of uni- 
form discharge surrounding the substrate for better unifor- 
mity of DLC films, (2) eliminating deposition, on the 
chamber walls, (3) evaluation for multicomponent batch pro- 
cessing to understand scale-up possibilities. In a third experi- 
ment the PSII-EIAMAD technique was used on the inner 
surface of a cylinder (substrate) with /D = 8.9cm and 
length =60 cm and TiN x films were deposited on the inner 
surface of the cylindrical substrate. In a fourth experiment 
DLC films were produced on the inner surface of the cylin- 
drical substrate. The uniformity of these films has been 
evaluated and will be presented in this article. 

II. EXPERIMENTAL METHODS AND PROCESSING 
PARAMETERS 

Figure 3 shows a systematic diagram for the production of 
DLC films on the outer surface of a cylindrical substrate. The 
experimental setup was arranged in a cylindrical vacuum 
chamber. A detailed description of the PSII system has been 
described elsewhere. 1-4 In this experimental setup, a cylin- 
drical substrate of 6.35 cm diam and 12.7 cm high was 
placed on a high voltage feedthrough inside the PSII vacuum 
chamber. The cylinder (substrate) was surrounded by an alu- 
minum tube as a co-axial configuration. The surrounding alu- 
minum tube was kept at ground potential in order to provide 
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Fig. 3. Experimental setup used for producing DLC films on the outer 
surface of a cylinder. 

a uniform electric field distribution on the surface of the 
substrate. The PSII chamber was pumped to a base pressure 
on the order of 10~ 7 Torr and argon gas was injected into 
the chamber and a pressure of 10 mTorr was established. A 
glow discharge plasma was generated in between the cylin- 
der (substrate) and the aluminum tube using a train of nega- 
tive high voltage pulses applied to the substrate. The sub- 
strate was sputter cleaned by applying a dose of 1E17 
ions-cm -2 . In order to establish good adhesion of the DLC 
films on the surface of the substrate, a methane plasma was 
used to implant the carbon ions. After surface preparation of 
the substrate, the acetylene gas was used to produce DLC 
films. In this case the ion energy was S keV, pulse width 100 
s, frequency 100 Hz, and acetylene pressure was 50 mTorr. 
Prior to this experiment, DLC films were produced on the 
surface of the same cylinder (substrate) without the alumi- 
num tube housing and as a result a nonuniform DLC film 
were observed on the cylinder (substrate). There was also a 
significant quantity of yellowish-gray dust on the surface of 
the chamber wall produced during the DLC production. To 
alleviate these problems an aluminum tube was used as a 
housing to surround the substrate and was held at ground 
potential. 

A set of twelve silicon samples was affixed on the surface 
of the substrate at four circumferential points at three loca- 
tions along the length for postprocess analysis. In order to 
measure the deposited film thickness the silicon samples 
were partly masked. The uniformity was measured on the 
outer surface of a cylinder (substrate), the silicon samples 
were removed from the substrate surface, and then the masks 
were removed from the silicon samples. Surface profilometry 
was used to measure the thickness of the TiN x and DLC 
films. 

Figure 4 shows a setup for the processing on the inner 
surface of a cylindrical substrate. A cylindrical substrate was 
supported by ceramic stands and the central electrode was 
separately supported with ceramic stands. The electrical con- 
nections were made using two feedthroughs for rf power and 
a high voltage feedthrough for the substrate. The important 
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Fig. 4. Experimental setup used for producing DLC films on the inner 
surface of a cylinder. 

concept for production of films inside a cylindrical substrate 
was using a co-axial configuration, in which the central elec- 
trode was kept at if bias or ground potential. The central 
electrode was used as rf antenna and also as sputtering cath- 
ode. The rf was applied to the antenna (central electrode of 
the co-axial geometry) through a matching network. The 
outer cylinder (substrate) was pulsed to high voltage for 
PSII-EIAMAD and precleaning. A titanium rod was used for 
the central sputtering cathode (target) and TiN x films were 
produced on the inner surface of the cylinder (substrate) by 
applying a PSII-EIAMAD process. Acetylene gas was used 
for DLC films and a mixture of nitrogen (6%) and argon 
(94%) was used to produce nitrides coatings. It was experi- 
mentally determined that the geometry of central electrode is 
crucial for generation of plasma at the proper position. A 
solid rod (target) as a central electrode produced a uniform 
plasma in between the target and outer cylinder (substrate). 
The argon pressure was in the range of 2-100 mTorr, and rf 
power 400 W. When a hollow tube (target) was used as 
central electrode (rf antenna) the plasma was more intense 
inside the rf antenna as compared to its outer surface. How- 
ever, it was possible to enhance plasma outside the central 
tube (rf antenna and sputter target) by increasing pressure 
above 10 mTorr. Concurrently, the plasma was also en- 
hanced inside the antenna tube (target). 

III. RESULTS AND DISCUSSIONS 

The goal of the co-axial experiment was to demonstrate 
that the PSII based sputter deposition and mixing process, 
i.e., PSIII-EIAMAD could be used for the production of 
DLC films on the outer and the inner surface of a cylindrical 
substrate. We have discussed the concept and experimental 
setup in the previous sections. 

Figure S represents the circumferential and longitudinal 
film thickness on the outer surface of the cylinder (substrate). 
The DLC films were adherent to the surface of the substrate. 
Figure 5 shows the film thickness of DLC which is 
~ 1 fim and with variations of about 100 A. These variations 
might be caused by sample fixations and masking effects. 
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Fig. S. Thickness of DLC films on the outer surface of the cylinder (sub- 
strate). 
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We have been able to produce the DLC films at deposition 
rate of ~ 1 (im/h. It has been determined that films were 
strongly bonded and adhesion strength was on the order 7 
kpsi for aluminum based materials. 

Figure 6 represents the dimensions of the hollow cylinder 
(substrate) which was used for DLC and TiN x films on its 
inner surface. In order to produce DLC films, the central 
cylinder was kept electrically at ground potential so that a 
glow discharge is produced uniformly along the length of the 
substrate. Figure 7 shows the longitudinal and circumferen- 
tial distribution of DLC films on the inside surface of the 
substrate shown in Fig. 6. The uniformity of the film thick- 
ness was within 30% accuracy along the length of the cylin- 
der (substrate), and the uniformity of the film thickness was 
within 5% accuracy along the circumference of the cylinder- 
substrate) at five different positions along the length of the 
cylinder. The variations along the length of the cylinder 
might be due to nonuniformity of plasma generation inside 
the cylinder due to electric field distribution and the plasma 
variation might also be due to gas distribution. Figure 7 
shows the uniformity of the TiN, films inside the surface of 
the cylinder. In order to produce TiN x , rf was applied to the 
central titanium rod to produce plasma. In this case 94% 
argon and 6% nitrogen was used as source gas. Argon sput- 
ters titanium atoms from the rod and also mixes TiN x films 
on the inner surface of the cylinder. Figure 7 shows the uni- 
formity of TiN, films along the length of the cylinder at four 

OD-t 3 cm ID-1 0 cm 



L-50 cm 



W-' - 

Fig. 6. Dimensions of hollow cylinder (substrate) for DLC and TiN, coat- 
ings on its inner surface. 



Fig. 7. Thickness of DLC films on the inner surface of the cylinder (sub- 
strate). 

positions. If we compare the uniformity of DLC and TiN, 
(Figs. 7 and 8) we notice that the deposition rate decreases 
for DLC from the longitudinal center to ends of the cylinder, 
but in the case of TiN, films the deposition rate increases. 
The aforementioned difference could be due to a dc glow 
discharge versus rf discharge plasmas. The glow discharge is 
produced due to bias on the cylinder and we expect more 
uniform distribution of the plasma inside the cylinder be- 
cause of the co-axial ground. One possible explanation might 
be that there is more residual time for carbon ions at the 
center of the cylinder as compared to the ends. In the case of 
rf plasma generation the rf power was applied from the ends 
of the rod using a split feedthrough so we might have the 
gradual decrease in the transmission of rf power, which 
along the length of the electrode. So less rf power might 
generate less plasma density, and hence less TiN x film thick- 
ness. Overall, the film thickness uniformity appear reason- 
able for tribological applications. 

IV. SUMMARY 

In this study we have demonstrated a method to deposit 
DLC and TiN, films on inside surface of a hollow cylinder 



4 




Distance along length (cm) 



Fig. 8. Thickness of TiN, films on the inner surface of the cylinder (sub- 
strate). 
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and -also on the outside surface of a solid cylinder. A co-axial 
configuration was used to produce these coatings. PSII was 
applied to EIAMAD of the films. TiN, films were produced 
on the inside surface of a hollow cylinder. The coatings are 
adherent and reasonably uniform over the surface. 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1 )^| Responsive to communication(s) filed on 30 April 2008 . 
2a )□ This action is FINAL. 2b)£3 This action is non-final. 

3) \Z\ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) |EI Claim(s) 1-10, 13, 14,17-19,21,24-27,34 and 42-45 is/are pending in the application. 

4a) Of the above claim(s) 1,7-10,13,14,17,18,26,27,34 and 42-45 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) |EI Claim(s) 2-6,19,21,24 and 25 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) \Z\ Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) IZI The specification is objected to by the Examiner. 

10)^ The drawing(s) filed on 08 March 2002 is/are: a)^| accepted or b)^ objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)fJ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)Q All b)Q Some * c)Q None of: 

1 0 Certified copies of the priority documents have been received. 

20 Certified copies of the priority documents have been received in Application No. . 

30 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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1 ) □ Notice of References Cited (PTO-892) 

2) Q Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) ^| Information Disclosure Statement(s) (PTO/SB/08) 

Paper No(s)/Mail Date 1/24/2008 . 



4) l~l Interview Summary (PTO-41 3) 

Paper No(s)/Mail Date. . 

5) Q Notice of Informal Patent Application 

6) □ Other: . 



U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 
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DETAILED ACTION 

Election/Restrictions 

1 . Claims 1 , 7-1 0, 1 3, 1 4, 1 7, 1 8, 26, 27, 34, and 42-45 are directed to an invention 
that is independent or distinct from the invention elected in the response to restriction 
filed 06 July 2004. Accordingly, claim 1 , 7-1 0, 1 3, 1 4, 1 7, 1 8, 26, 27, 34, and 42-45 are 
withdrawn from consideration as being directed to a non-elected invention. See 37 CFR 
1.142(b) and MPEP § 821.03. 

2. Specifically regarding claims 1 and 13, the claims recite, in the alternative, a 
compound of Ti, N, C, or Ti, N, O is implanted, then subsequently a layer of TiN x C y is 
disposed over the compound. As applicant is aware, claims are read in light of the 
specification. Upon reading the specification, it becomes clear that the layer of TiN x C y 
is only disposed over an implanted compound of Ti, N, C and not Ti, N, O. Therefore, 
since the specification provides no support for disposing a layer of TiN x C y over 
implanted Ti, N, O, the claims are interpreted as being drawn to the combination of the 
layer of TiNxCy disposed over implanted Ti, N, C. This combination was not elected in 
response to the restriction requirement and therefore claims 1 and 13 and all claims that 
depend therefrom are withdrawn from further consideration as being drawn to a non- 
elected invention. 

3. Claims 2-6, 1 9, 21 , 24, and 25 are the remaining claims that read on the elected 
invention and therefore have been examined on the merits. 
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Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 2-6, 19, 21, 24, and 25 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Lazarov et al. (6,110,204) in view of Shamim et al. 

{"Development of an energetic ion assisted mixing and deposition process for TiN x and 
diamondlike carbon films, using a co-axial geometry in plasma source ion 
implantation"). Lazarov reference discloses the titanium-nitride-oxide (TiN x O y ) 
compound disposed about a stent substrate substantially as claimed. However, 
Lazarov reference does not disclose the compound is implanted on a molecular level 
within the surface of the stent. Attention is drawn to Shamim et al., who teach 
implantation of various metallic compounds (including Ti, N, and O) within the surface of 
a metallic substrate to increase the ability of the compound to adhere to the substrate. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to have implanted the compound of Lazarov within the surface of 
the stent, as taught by Shamim et al., to increase the adhesion between the compound 
and the substrate (the stent). 

6. Regarding claim 24, it is well-known in the art to use stainless steel as a material 
to make stents. 
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Response to Arguments 

7. Applicant's arguments with respect to claims 19 and 21 have been considered 
but are moot in view of the new ground(s) of rejection. 

Conclusion 

8. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ryan Severson whose telephone number is (571)272- 
3142. The examiner can normally be reached on Monday - Friday 8:30-5:00. 

9. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Todd Manahan can be reached on (571) 272-4713. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

10. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/R. S./ 

Examiner, Art Unit 3731 
/Todd E Manahan/ 

Supervisory Patent Examiner, Art Unit 3731 
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AMENDMENT 

Sir: 

In response to the Notice to Supply Omission of January 27, 2009, please consider the 
following: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 
paper. 

Remarks/ Arguments begin on page 6 of this paper. 
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This listing of claims will replace all prior versions, and listings of the claims in the application: 
Listing of Claims: 

1 . (Withdrawn and currently amended) A stent comprising a compound including Ti, N, C ? 
or including Ti, N, O, or both, implanted on a molecular or atomic level at a depth within 
at least a region of a surface of the stent and a layer of TiN x C y disposed over the 
compound. 

2. (Previously Presented) The stent of Claim 21, wherein x is 1 and y is 1 or 2. 

3. (Previously Presented) The stent of Claim 21, wherein the depth of an implanted TiN x O y 
compound is not greater than about 2000 A from the surface of the stent. 

4. (Previously Presented) The stent of Claim 21, wherein the layer of TiN x O y is exposed on 
the surface of the stent. 

5. (Original) The stent of Claim 4, wherein x is 1 and y is 1 or 2. 

6. (Original) The stent of Claim 4, wherein the layer of TiN x O y compound is not more than 
about 48,000 A in thickness. 

7. (Withdrawn) The stent of Claim 1, wherein the stent is made from stainless steel. 

8. (Withdrawn) The stent of Claim 1, wherein the surface is the tissue-contacting surface of 
the stent. 

-2- 
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9. (Withdrawn) A stent comprising a layer of TiN x C y on a surface of the stent and a 
subsurface compound including Ti, N, or TiN disposed beneath the layer of TiN x C y , 
wherein the subsurface compound is intermixed with a surface material of the stent. 

10. (Withdrawn) The stent of Claim 9, wherein a region of the layer of TiN x C y is implanted 
at a depth within a surface of the stent. 

11. -12. (Canceled) 

13. (Withdrawn and currently amended) A method of modifying a surface of a stent, 
comprising implanting a compound including Ti, N, C , or including Ti, N, O, or both , on 
a molecular or atomic level at a depth within a surface of the stent, followed by 
depositing TiN x C y over the implanted compound. 

14. (Withdrawn) The method of Claim 13, wherein x is 1 and y is 1 or 2. 

15. -16. (Canceled) 

17. (Withdrawn) The method of Claim 13, wherein the stent is made from stainless steel. 

18. (Withdrawn and currently amended) The method of Claim 13, wherein prior to the act of 
implanting the compound including Ti, N, C , or including Ti, N, O, or both, within the 
surface of the stent, the method comprises implanting Ti, N or TiN within the surface of 
the stent. 
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19. (Previously presented) A method of modifying a stent surface, comprising implanting Ti 
or N into the surface of the stent on a molecular or atomic level, followed by implanting 
TiN over the Ti or N, and followed by forming a layer of a TiN x O y compound over at 
least some of the areas where TiN has been implanted. 

20. (Canceled) 

21 . (Currently Amended) A stent comprising: a first region having Ti or N implanted on a 
molecular or atomic level at a depth wk awithin at least a region of a surface of the 
stent[[,]]; a second region over the first region having TiN implanted on a molecular or 
atomic level at a depth wjt kwithin at least a region of a surface of the stent; and a layer of 
TiN x Oy compound over the second region. 

22. -23. (Canceled) 

24. (Previously Presented) The stent of Claim 21, wherein the stent is made from stainless 
steel. 

25. (Previously Presented) The stent of Claim 21, wherein the surface is the tissue- 
contacting surface of the stent. 

26. (Withdrawn) A stent comprising a layer of TiN x C y exposed on the surface of the stent, 
the stent having a surface material different than TiN x C y and a compound including Ti, 
N, or TiN, disposed beneath the layer of TiN x C y such that the compound is blended with 
the surface material of the stent. 

27. (Withdrawn) The stent of Claim 26, wherein a region of the layer of TiN x C y is implanted 
at a depth within a surface of the stent. 

-4- 
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28.-33. (Canceled) 



34. (Withdrawn) A stent comprising a TiN x C y compound implanted on a molqcular or 
atomic level at a depth within at least a region of a surface of the stent. 



35.-41. (Canceled) 



42. (Withdrawn) The stent of Claim 34, additionally comprising a layer of a TiN x C y 

compound on the region of the surface of the stent wherein the TiN x C y compound is 
implanted. 



43. (Withdrawn) A method of modifying a stent surface, comprising implanting on a 

molecular or atomic level Ti, N, or TIN into the surface of the stent and forming a layer 
of a TiN x Cy compound over the areas where Ti, N, or TiN has been implanted. 



44. (Withdrawn) A method of modifying a surface of a stent, comprising implanting a 

TiN x Cy compound on a molecular or atomic level at a depth within a surface of the stent 
or depositing the compound on the surface of the stent. 



45. (Withdrawn) The stent of Claim 1, wherein the layer of TiN x C y is exposed on a surface 
of the stent. 
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Amendment dated February 24, 2009 

Reply to Notice to Supply Omission of January 27, 2009 

REMARKS/ARGUMENTS 

The status of the claims with respect to the status of claims at the time of the non-final 
Office Action of July 9, 2008 is described. Claims 1 -10, 13, 14, 17 - 19, 21, 24 - 27, 34, and 
42 - 45 are pending. Claims 1,7-10, 13, 14, 17, 18, 26, 27, 34, and 42 - 45 have been 
withdrawn. Withdrawn claims 1,13, and 18 are amended. Claim 21 is amended. 

Reconsideration is respectfully requested in view of the remarks below. 

Claim Rejections - 35 USC § 103 

Claims 2-6, 19, 21, 24, and 25 are rejected under 35 U.S.C. §103(a) as being 

unpatentable over Lazarov et al., United States Patent No. 6,1 10,204 ("Lazarov"), in view of 
Malik et al., J. Vac. Sci. Technol. A, 15(6), Nov/Dec 1997 ("Malik"). 

Applicants respectfully traverse the Examiner's rejection. First, the Examiner has made 
an error in interpreting Malik's disclosure. The Examiner is incorrect, Malik does not "teach 
implantation of various metallic compounds (including Ti, N, and O). . . ." By staging "[ajfter 
sputter cleaning, the substrate may be implanted with a relevant ion species for improved 
adhesion" (page 2876, column 1, lines 10-12) Malik teaches the general concept of ion 
implantation. The only specific example of implantation provided was the implantation of 
carbon ions (page 2877, column 1, lines 9-11). Therefore, with the exception of carbon ions, 
there is no teaching of what the term "relevant ions" means. Malik does not teach the 
implantation of Ti or its alloys, but teaches use of a Ti as a sputtering target. 

Second, regardless of the Examiner's misinterpretation of Malik, the combination fails to 
teach what has been claimed. Lazarov and Malik, alone or in combination, fail to teach the tri- 
region construct as claimed in claims 19 and 21. More specifically, the references fail to teach 
" first region having Ti or N implanted on a molecular or atomic level at a depth within at least a 
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region of a surface of the stent; a second region over the first region having TiN implanted on a 
molecular or atomic level at a depth within at least a region of a surface of the stent; and a layer 
of TiN x O y compound over the second region, " as recited by claim 21 and "implanting Ti or N 
into the surface of the stent on a molecular or atomic level, followed by implanting TiN over the 
Ti or N, and followed by forming a layer of a TiN x O y compound over at least som$ of the areas 
where TiN has been implanted," as recited by claim 19. The Examiner admitted "Lazarov 
reference does not disclose the compound [titanium-nitride-oxide (TiN x O y )] is implanted on a 
molecular level within the surface of the stent." As noted above, Malik only teaches the 
implantation of carbon ions and other unspecified "relevant ions." The Examiner has not 
explained how the combination of the two references would have led one of ordinary skill in the 
art to the device of claim 21 with the two regions and a layer on top of the second region, or the 
method of claim 19 which involves the three processing steps. Therefore, claims 19 and 21, as 
well as claims dependent thereon, are allowable over Lazarov in view of Malik. 

Applicants respectfully request the removal of the rejection under 35 U.S. C. §103 (a) of 
claims 2 - 6, 19, 21, 24 and 25, and allowance of these claims. 

Conclusion 

In light of the foregoing claim amendments and remarks, this application is considered to 
be in condition for allowance. Applicants respectfully request the allowance of claims 2-6, 19, 
21, 24, and 25. Applicants reserve the right to file a divisional application for restricted but 
unelected Species II from the restriction requirement of June 6, 2004. 

If necessary to ensure a timely response, this paper should be considered as a petition for 
an Extension of Time sufficient to provide a timely response. The undersigned authorizes the 
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Commissioner to charge any fees that may be required, or credit of any overpayment to be made, 
to the Squire, Sanders, and Dempsey Deposit Account No. 07-1850. 

Should the Examiner have any questions regarding this communication, the Examiner is 
invited to contact the undersigned at the telephone number shown below. 



Respectfully submitted! 



Dated: kc^-~^ 3>f ^ By Q> ^ %u 
Squire, Sanders & Dempsey L.L.P. Gloria M. Gusler 

One Maritime Plaza, Suite 300 Attorney for Applicants 

San Francisco, CA 94111 Reg. No. 50,282 

Telephone (415) 954-0397 
Facsimile (415)393-9887 
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